Introduction
Influenza viruses are important viral pathogens attacking infants, young children and elderly often causing morbidity, mortality and significant economic and social impact on communities [46] . Influenza is an acute respiratory tract infection (ARTI) also known as flu with an incubation period ranging from 1 to 4 days [14] . Influenza outbreaks have been reported globally and locally with an annual infection rate of *5-10% in adults and 20-30% in children and thus influenza contributes to 3-5 million cases of severe ARTI and *250,000-500,000 deaths annually [17, 27] . Although the seasonality of influenza differs between the tropical and temperate regions, the overall disease burden and mortality remains comparable [45] .
Influenza viruses infect the upper respiratory tract including nose, throat and bronchi and rarely, the lungs. It poses a serious risk to the elderly, the very young, pregnant women, immunocompromised patients and those with underlying medical conditions such as lung, kidney or cardiac disorders, diabetes and cancer [11] . Symptoms of classical influenza usually appear abruptly and include chills, headache, coryza and dry cough followed by high fever, generalized myalgia, malaise and anorexia. Fever usually lasts for 3-5 days similar to the systemic symptoms [22] . Respiratory symptoms typically last for another 3-4 days. The cough and weakness may persist for 2-4 weeks after the major symptoms subside. During an outbreak mild or asymptomatic influenza viral infections may also occur [42] . Most of the infections caused by the influenza A, H1N1 subtypes seem to be mild and selflimiting and do not require hospitalisation. However, severe illness and deaths have also been reported in a small proportion of cases. In seasonal influenza, the overwhelming majority of severe morbidity and mortality is noted to occur in people over the age of 65 years [6] .
Properties of influenza viruses and transmission
The influenza viruses belong to the family Orthomyxoviridae and the genus Orthomyxovirus. Influenza viruses have an enveloped segmented RNA genome. The viruses are approximately 120 nm in diameter [31] . These viruses are classified based on the antigenic differences of their nucleocapsid and matrix proteins [12] .
Influenza viruses, A and B are associated with significant seasonal morbidity and mortality. Influenza A and B viruses were first isolated in 1933 and 1940, respectively. Influenza A viruses can be subtyped according to the antigenic and genetic nature of their surface glycoproteins; 15 haemagglutinin (HA) and 9 neuraminidase (NA). Antigenic changes occur within the influenza A viruses and to a lesser degree in the influenza B viruses whereas the influenza C viruses appear to be antigenically stable [37] . Mutability and high frequency genetic re-assortment leading to antigenic changes in the viral surface glycoproteins make influenza viruses as formidable challenges to public health. Influenza A viruses are antigenically variable and responsible for the most epidemics; Influenza B viruses exhibit antigenic changes and sometimes cause epidemics; Influenza C virus is antigenically stable and causes only a mild respiratory illness [37] .
Among the many subtypes of influenza A viruses, currently influenza A (H1N1)pdm09 and A (H3N2) subtypes are circulating in humans [6] . Moreover, there are two types of influenza B viruses circulating and cause seasonal influenza outbreaks and influenza C occurs less frequently [19, 21] . Influenza A viruses infect mammals and birds. Influenza B viruses infect mammals only and Influenza C viruses infect humans and pigs. In addition to the influenza A virus, which causes respiratory disease in humans, some strains of influenza A are capable of causing respiratory tract infection in pigs referred to as swine flu. Swine influenza is very common in the mid-western United States, Mexico, Canada, South America and Europe including the United Kingdom, Sweden, Italy and East Asia [15] . Transmission of flu from pigs to humans, however, is not common, although there have been some suspected cases reported in farmers, who were in close contact with pigs [23] . Bird flu is a respiratory disease of birds caused by influenza A (H5N1), (H7N9) virus. Although this virus usually does not infect humans, there have been many suspected cases and deaths reported in humans in some countries like China and Indonesia [49, 50] . There have been no bird flu cases reported in Sri Lanka so far. Symptoms of avian influenza are similar to the symptoms of pandemic influenza but severe cases may develop serious respiratory complications. From a study carried out in China, 82% of the cases of bird flu are from patients, who had exposure to live animals such as poultry or swine. This raises the possibility of zoonotic transmission of certain strains of influenza A virus from poultry or swine to humans through direct or indirect exposure [9, 47] .
Influenza virus may be transmitted to humans in three ways including (a) direct contact with infected individuals (b) indirect contact with contaminated fomites and (c) inhalation of virus-laden aerosols [32] . Phylogenic studies suggest that wild waterfowls are the natural reservoirs of influenza A viruses. Seasonal influenza spreads easily and can sweep through densely populated places such as schools, nursing homes or townships [24] . When an infected person coughs or sneezes, infected droplets disperse into the air and another person inhaling them can be exposed. The virus can also be spread through contact with hands infected with the virus. Influenza viruses are relatively hardy and survive on the surfaces for 2-8 h [36] . Influenza predominates in winter in temperate regions of the world and in the rainy season in the tropics, although many tropical and subtropical regions experience more complex seasonal patterns including semi-annual cycles and year-round activity [2, 43] .
History of influenza pandemics
Influenza pandemics have been amongst the largest and the deadliest in the history of man and were observed since ancient times. The very first influenza outbreak occurred in 1580 in Asia and swept through Europe, Africa and the Americas [26] . In the last 100 years, four influenza pandemics had been reported including 1918 (Spanish Flu), 1957 (Asian Flu), 1968 (Hong Kong Flu) and 2009 (Mexican Flu) and these pandemics were caused by influenza A viruses H1N1, H2N2, H3N2 and A (H1N1)pdm09, respectively. The 1918 pandemic resulted in 20-50 million deaths worldwide and the other two resulted in 1-4 million deaths globally [26, 29] . The most recent pandemic influenza was experienced in 2009 by the novel influenza A virus, H1N1 [44] . Mexico and America were the first countries to be affected. The pandemic rapidly spread throughout the world to over 214 countries by the 1st of August 2009. Since it was a new strain of the virus to which humans had no immunity and thus it caused 18,449 deaths globally [1] .
The 2009 pandemic influenza outbreak affected many of the South Asian regions, including India, Pakistan, Bangladesh, Nepal and Maldives. The first Indian pandemic influenza case was reported from Hyderabad in May 2009 [30] . An estimated 43 million episodes of ARTI occur annually in India and 4-12% of respiratory illnesses in the community are due to influenza [7] . The 2009 pandemic influenza A (H1N1) virus caused approximately 6000 deaths in Bangladesh costing 6.1 million US dollars for medical costs [3, 38] . Nepal has started screening febrile travellers with respiratory symptoms from affected countries for the pandemic influenza A (H1N1) since April 2009 and the first case in that country was detected in June 2009 [1] . The Maldives did not detect any cases of swine influenza up to July 2009. Since then 6 cases of H1N1 was confirmed as imported cases and the first case of internal transmission was detected in November 2009 in that country (http://www.health.gov.mv/publications/Maldives %20Pandemic%20Preparedness%20Plan_%20November% 202009%20update.pdf). Data on influenza burden in Southeast and East Asia is relatively limited, although influenza rates of 11-26% in outpatient fevers and 6-14% of hospitalised pneumonia cases have been reported from various Southeast and East Asian countries [41] .
Sri Lanka was also affected by the 2009 pandemic influenza with 642 laboratory confirmed influenza A cases and 48 deaths in the country. A second wave of the disease occurred in 2010 and this resulted in 580 laboratory confirmed influenza A cases and 29 deaths (http://epid.gov.lk/ web/attachments/article/161/Vol%2038%20NO%2003% 20English.pdf). Influenza pandemics are unpredictable events that cause significant panic and thus negative impact on societies [28] . The impact of such an event could be worse in developing countries including Sri Lanka where stockpiling of antiviral drugs for treatment and vaccine for prevention are not done due to lack of resources and this contributes to the fear among the public [13] .
Global surveillance
Global influenza surveillance has been conducted through the WHO Global Influenza Surveillance and Response System since 1948/1952 including Sri Lanka. This network monitors evolution of influenza viruses and provides recommendations on laboratory diagnostics, vaccines, antiviral susceptibility and risk assessment. It also serves as a global alert mechanism for the emergence of pandemic influenza A viruses. The network currently comprises 6 WHO Collaborating Centres, 4 Essential Regulatory Laboratories and 136 institutions in 106 WHO member states, which are recognized by the WHO as National Influenza Centres (NIC) [8] .
Globally seasonal influenza has shown an increasing trend (Fig. 1) . Temperate countries in the southern hemisphere, Northern Africa and northern hemisphere, north America and countries like China in the East Asia shows an increase in the influenza activity, but other countries in the southern hemisphere show an inter-seasonal activity. In Europe and Northern Asian regions, the influenza activity has been remarkably high with influenza A (H3N2) dominating. According to the WHO reports, apart from North America, Europe and Western Asian countries where influenza A (H3N2) virus activity is high, the other
countries including China and Southeast Asian regions had reported influenza A (H1N1)pdm09 in high numbers with some untyped influenza A and B viruses.
Epidemiology of influenza in Sri Lanka
In tropical countries including Sri Lanka, influenza viruses circulate throughout the year with one or two peaks occurring during the rainy season. For the last few years, peaks have been generally observed during April to June and again in November to January. The influenza virus was first isolated in Sri Lanka during the pandemic ''Hong Kong flu'' H3N2 in 1969 [25] . The first confirmed case of pandemic influenza A/H1N1 in the country was reported in June 2009. Subsequently, influenza A viral strains (H1N1)pdm09 and (H3N2) and influenza B have been identified as the commonly circulating seasonal influenza viruses in Sri Lanka [8] . The epidemic in this season has been observed to cause severe disease (http://www.epid. gov.lk/web/images/pdf/Fact_Sheet/fact_sheet_seasonal_ influenza.pdf). The annual incidence of influenza varies widely and depends on the virulence of the circulating strains and the susceptibility of the population to these viral strains. Sri Lanka started its influenza surveillance in 2006. The NIC monitors the influenza activity throughout the year and provides influenza surveillance information to the public (http://epid.gov.lk/web/pdf/wer_2009/vol_36_no_38_eng lish.pdf). Influenza surveillance comprises of 2 components; Influenza like illness (ILI) surveillance and severe acute respiratory tract infections (SARI) surveillance. For the ILI surveillance, NIC screens 20 hospitals and informs each hospital to send at least 30 respiratory samples from the suspected patients with ILI and SARI to the NIC every month for testing to identify the circulating influenza A viruses in the country (http://epid.gov.lk/web/images/pdf/ wer/2015/vol_42_no_25-english.pdf). These hospitals are expected to send weekly data returns of influenza patients to the Epidemiology Unit where the data are entered into a database for further analysis (http://epid.gov.lk/web/pdf/ wer_2009/vol_36_no_38_english.pdf). SARI surveillance has been established in 3 hospitals in the country: Lady Ridgeway Children's Hospital (LRH), General Hospital, Matara and Teaching Hospital, Peradeniya. These hospitals are expected to send samples from all inward patients admitted with severe ARTI.
Based In 2015, more than 5324 ILI patients and 303 SARI patients were reported from the island from the selected hospitals. This number consisted of 1.04 and 2.39% of the total out patients' department (OPD) visits and total hospital admissions, respectively (http://www.mri.gov.lk/ departments/virology/influenza-2/). In 2015, MRI detected 1464 influenza virus positive patients having 291 influenza A and 173 influenza B viruses. Seven deaths have been attributed to influenza in 2015 including 4 pregnant mothers from Tissamaharama (Fig. 3) . However, these cases were found to be scattered on further investigations (http://www.mri.gov.lk/departments/virology/influenza-2/). In 2016, MRI has tested 2762 respiratory samples, of these 427 were positive for influenza viruses including 187 influenza A and 240 influenza B viruses (Fig. 4) .
Apart from these national surveillance data, there have been a few studies on influenza in the last two decades in Sri Lanka. According to a study carried out by Perera et al. on influenza virus infections in a sample of hospital attendees in Ragama, influenza viruses were found to circulate at different times of the year and were responsible for 11% of all ARTI in their study cohort. The largest peak of influenza A virus activity occurred from May to June in 2004 and it is the rainy season in the country. Influenza B virus activity occurred from September to December 2003 at low levels without a major peak in virus activity [35] .
Subsequently, a different study conducted by Perera et al. on the isolation and characterization of influenza viruses circulating among avian, swine and human populations in Sri Lanka in 2007, tested 300 NPA samples. Of these, 138 were positive for multiple viruses: 24/138 were influenza A and 9/138 were influenza B viruses and these influenza viruses were characterized as influenza A Panama/2000/99 (H3N2) and influenza B/Sichuan/379/99-like virus [35] .
Animal influenza virus surveillance is carried out by the Department of Animal Production and Health (DAPH) of 
Laboratory diagnosis of influenza
Respiratory illnesses caused by influenza viruses are difficult to distinguish from illnesses caused by other respiratory pathogens on the basis of clinical symptoms alone [20] . The symptoms of ARTI caused by influenza viruses mimic a large variety of other respiratory illnesses and thus the definitive diagnosis of the influenzavirus infection and strain typing is mandatory [4] . Diagnosis of influenza is done through isolation, identification of viral antigens or viral nucleic acid using the patients' samples [39] . Rapid influenza antigen detection has been in use in several countries including in Sri Lanka. Ideally samples should be obtained within 3 days after the onset of symptoms. The isolates are identified by viral culture, IFA and RT-PCR. According to a study carried out by Noordeen et al. [33] viral antigen detection rate is higher in nasopharyngeal aspirates than that of nasal swabs or nasal washings. In the study of Perera et al. higher number of influenza A positive cases were identified via RT-PCR than viral culture. Hence, the detection of the virus or viral antigen or nucleic acid depends on the appropriate specimen collected at the right time of the illness and the methods used to identify and thus these conditions must be optimal for a better detection of the virus for the diagnosis.
Treatment, prevention and protection against influenza
Although the prevention of the spread of virus from the infected individuals and the removal of virus in transit could contribute to the control of influenza, the effective control also requires the optimal use of vaccines and antiviral drugs. Anti-influenza drugs are effective to treat the infected patients minimizing the spread to others. There are two classes of antiviral drugs, the inhibitors of M2 protein, amantadine and remantadine and inhibitors of The percentages were calculated using the data given for influenza A and B in Table 1 neuraminidase, oseltamivir and zanamivir. Amantadine and remantadine are not in use due to the emergence of antiviral resistance [48] . Oseltamivir and zanamivir are available and used for influenza associated respiratory illness in many countries and are also stockpiled for pandemic preparedness. Antiviral treatment is most effective when it is initiated within 48 h after the onset of illness.
Any individual who is compromised should be treated with anti-influenza agents based on the recommendations [10] . Antiviral therapy with oseltamivir or zanamiviris only administered to hospitalized patients with severe respiratory illness [18] .
Vaccination against influenza
Vaccination is the most effective means of reducing the influenza burden including morbidity and mortality. About 50 countries have government-funded national immunisation programmes. About 234 million individuals of the world's population of 6 billion were vaccinated in 2000. Safe split-product formulations and those containing purified surface antigen are available now and in use in many countries. Constant structural changes occurring in the influenza viruses make the vaccines virus composition to be adjusted annually to include the most recent circulating influenza viruses to induce protection [16] . Currently available vaccines against influenza do not induce long-lasting immunity against many different strains of influenza viruses. Thus new vaccines are re-formulated for every flu season based on the global human influenza surveillance data [40] . Such vaccines generally contain two influenza A subtypes H1N1 and H3N2 and one influenza B virus lineage [5] . Pandemic H1N1 vaccine was used as a disease control strategy from mid-2010. Vaccination for the susceptible group are recommended by the treatment guidelines issued by the Ministry of Health, Sri Lanka too to minimize the influenza associated panic and burden in the country [34] .
Concluding remarks
Influenza infections are prevalent throughout the year in Sri Lanka with slight variations in the type of the circulating virus. Sri Lanka has a complete directory of information on influenza activity in the last 2 decades as NIC regularly monitors the influenza situation in the country as part of the pandemic preparedness programme. A few studies have been carried out on influenza infections in the country but the seasonality of occurrence of influenza is not well documented. Thus the continuous monitoring of seasonal influenza subtypes in both ILI and SARI cases would help determine the seasonal trends and assess the disease burden. Prospective long term multicentre influenza surveillance would help to predict seasonality and fortify pandemic preparedness initiatives. Moreover, such surveillance would help to define seasonal patterns and regional differences in seasonality if any and to determine optimal periods to implement influenza vaccination to high risk populations.
